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Abstract
The complex epidemiology of vector-borne diseases creates significant challenges in the design and delivery of
prevention and control strategies, especially in light of rapid social and environmental changes. Spatial models for
predicting disease risk based on environmental factors such as climate and landscape have been developed for a
number of important vector-borne diseases. The resulting risk maps have proven value for highlighting areas for
targeting public health programs. However, these methods generally only offer technical information on the spatial
distribution of disease risk itself, which may be incomplete for making decisions in a complex situation. In
prioritizing surveillance and intervention strategies, decision-makers often also need to consider spatially explicit
information on other important dimensions, such as the regional specificity of public acceptance, population
vulnerability, resource availability, intervention effectiveness, and land use. There is a need for a unified strategy for
supporting public health decision making that integrates available data for assessing spatially explicit disease risk,
with other criteria, to implement effective prevention and control strategies. Multi-criteria decision analysis (MCDA)
is a decision support tool that allows for the consideration of diverse quantitative and qualitative criteria using
both data-driven and qualitative indicators for evaluating alternative strategies with transparency and stakeholder
participation. Here we propose a MCDA-based approach to the development of geospatial models and spatially
explicit decision support tools for the management of vector-borne diseases. We describe the conceptual
framework that MCDA offers as well as technical considerations, approaches to implementation and expected
outcomes. We conclude that MCDA is a powerful tool that offers tremendous potential for use in public health
decision-making in general and vector-borne disease management in particular.
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Background
Many diseases are spatially constrained; for example,
vector-borne and zoonotic diseases occur where and
when vectors, animal hosts, pathogens and susceptible
human populations overlap [1]. Vectors, pathogens and
human populations are unevenly distributed in space
and time and as a result risk for exposure to vector-
borne diseases is spatially heterogeneous. Spatial models
for the study and management of vector-borne disease
risk have become common with the development of
digitally encoded environmental data and computational
tools such as geographical information systems (GIS).
These are often presented as maps of expected distribu-
tion of vector abundance or risk for exposure to a
pathogen, and can be created using a variety of statisti-
cal and algorithmic techniques many of which have
been recently reviewed [2-7]. In addition to providing a
geographical representation of risk, such models often
help identify the underlying factors contributing to vec-
tor-borne disease risk and burden.
Risk maps have proven to be important tools for pub-
lic health decision making and priority-setting for vec-
tor-borne diseases because they assist with the targeting
of prevention and control efforts. However, public
health decision-making routinely requires the considera-
tion of complex factors beyond the geographical distri-
bution and determinants of disease risk. Considerations
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strategic or policy-driven objectives, and resource alloca-
tion priorities are often necessary elements to be consid-
ered when designing public health actions, adding layers
of complexity to an already complicated decision-mak-
ing process. In addition, available spatial risk models for
vector-borne disease generally characterize entomologi-
cal risk, or risk of exposure to an infected disease vector,
without incorporating data on other spatially-varying
components such as the underlying distribution of vul-
nerable human populations. As decision support tools
for vector-borne disease prevention and control, there-
fore, risk models are but one part of a whole. Finally,
spatial risk models are only as good as the data from
which they were created [4]; models based on incom-
plete, biased or sub-optimal data may still provide
insight, but their inaccuracies and limitations must be
taken under consideration.
The decision support framework known as multi-cri-
teria decision analysis (MCDA) has its origins in the
field of operations research and has been used in a wide
number of fields ranging from environmental manage-
ment [8,9], agriculture [10], transportation and urban
planning [11,12], and to a limited extent in public health
[13,14]. In its most basic form, MCDA is a structured
tool that allows for the evaluation of alternatives based
on multiple, possibly conflicting or even incommensu-
rate criteria in a decision problem. To be more specific,
by MCDA we refer only to structured, fully compensa-
tory approaches to decision analysis. A key strength of
MCDA is the ability to incorporate multiple stakeholder
perspectives as well as uncertain, subjective and qualita-
tive information into an explicit and transparent deci-
sion-making process. MCDA based approaches begin
with an intelligence phase where the problem definition,
decision constraints and evaluation criteria are defined
[15]. This is followed by a design phase where the list of
possible alternatives and decision-maker’s preferences
are made explicit [15]. The final phase consists of apply-
ing the decision rules and sensitivity analysis in order to
produce a recommendation [15]. The general steps
involved in the process are described in further detail in
Figure 1, and a detailed review of spatial MCDA theory
can be found in [15]. Examples of software used in spa-
tial MCDA processes are taken from examples discussed
in the review below and listed in Table 1.
The development of these tools has opened up oppor-
tunities for extending spatial risk models for vector-
b o r n ed i s e a s et o w a r dam o r ec o m p r e h e n s i v ed e c i s i o n
support tool. Incorporating new and existing spatial risk
models into a MCDA framework would allow for the
exploration of alternatives under a wider range of con-
siderations–including the spatial distribution of risk–
while providing a credible, recognized and more realistic
approach to evidence-based priority setting with
enhanced transparency. For example, the spatial
arrangement of suitable vector habitat, land use or the
distribution of vulnerable populations can be important
elements of decisions related to prioritizing vector-
borne disease surveillance and intervention strategies.
Geographic information systems (GIS), which have
already been widely applied to vector-borne disease risk
mapping, have been used in conjunction with MCDA,
sometimes referred to as GIS-MCDA or spatial MCDA
(these terms will be used interchangeably henceforth), to
gain insights on the effects of spatial constraints such as
zoning, land use or demography on policy-making pro-
blems in public health and other disciplines.
Although MCDA has been widely used in a number of
disciplines over the last few decades, the use of spatial
MCDA remains relatively recent and its application in
public health related fields such as vector-borne disease
prevention and control is limited. A recent review of the
GIS-MCDA literature published between 1990 and 2004
[16] mentions no public health or vector-borne disease-
related articles although a few have been written since
that time [17-19]. Our objective is to review recent
advances in the development of the spatial MCDA-based
framework and to illustrate how it can be applied to pub-
lic health decision support for vector-borne diseases. We
aim to demonstrate its broad utility as a decision support
tool and illustrate its potential for public health priority
setting and control program planning around vector-
borne diseases. We propose that this approach has the
potential to capitalize on the utility of spatial risk models
to evaluate and prioritize targets for prevention and con-
trol activities while allowing for the consideration of
additional criteria important to decision-makers.
Review
MCDA for spatially explicit decision support
Public health problems often have solutions that require
decision making, firstly around the assessment of the
distribution of risk ("what is the level of risk”), and sec-
ondly around risk management which involves deciding
between a number of prevention and control strategies
("how to manage the disease risk”)o rd e c i d i n gw h e r e
and/or when to target a given prevention and/or control
strategy ("where to target risk prevention and control”).
Spatial MCDA has the flexibility to address all of these
problem types. We begin by illustrating, with vector-
borne disease examples where available, the different
categories of decision problems that can be explored
using spatial MCDA that target the “what”, “how” and
“where” questions of disease management. We then pro-
pose a conceptual framework to show how these can be
used to construct an effective prevention and control
program around vector-borne disease management.
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Due to their wide range of environmental determinants,
risk for vector-borne diseases is heterogeneously distrib-
uted in space, and understanding where risk occurs and
how the level of risk can vary between different regions
is a frequent subject of study. A commonly encountered
use of spatial MCDA involves the assessment of a geo-
graphical area based on a perceived threat. Some exam-
ples from the environmental sciences include a number
of natural hazards such as assessing the risk of forest
fires, the risk of volcanic eruptions, and landslide vul-
nerability [20-25]. One advantage spatial MCDA offers
for vector-borne disease risk mapping is the ability to
create maps in data-poor environments by incorporating
what is already known about the disease, an approach
not readily possible with traditional risk mapping tech-
niques. In a study of Rift Valley fever (RVF) in Africa,
Clements and colleagues [17] used MCDA to create a
knowledge-driven model of disease risk. Based on rela-
tionships between environmental drivers and RVF risk,
the authors used spatial MCDA to integrate technical
spatial information on climate, landscape and livestock
density along with data extracted from published litera-
ture and expert opinions into suitability maps for both
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Figure 1 General steps in an MCDA process adapted to risk assessment, selection of alternatives and site selection.T h es t e p si na
general MCDA and spatial MCDA are similar. First, the objective of the analysis is defined (step1). Next, the key stakeholders that should be
involved in the analysis process are identified (step 2). The following steps involve defining all possible alternatives under consideration (step 3)
and all of the relevant criteria for evaluating these alternatives (step 4). These steps are interchangeable and may lead to an iterative process of
refining which stakeholders to involve. Next, the alternatives are assessed based on the identified criteria (step 5). Performance indicators or
decision variables are created for each intersecting pair of alternative and criteria. For spatial MCDA, evaluation criterion maps are generated to
evaluate the performance of alternatives. Constraint maps can also be generated to display the limitations of the values that decision variables
may assume. Following this, all criteria are weighted by participating stakeholders in order to reflect the preference values of those involved
(step 6). It should be noted that not all MCDA approaches make use of weighting; other ordering techniques such as pair-wise comparison can
be used. Next, a mathematical combination of the criteria is performed using a decision rule and effectively combines the results of the
preceding four steps (step 7). The combined criteria produce an ordering of alternatives. Finally, a sensitivity analysis is performed to examine
the robustness of the ranking outcome (step 8). The end result of the MCDA process is a recommendation consisting either of the best-ranked
alternative or group of alternatives.
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Page 3 of 9endemic and epidemic RVF activity. Their use of MCDA
allowed for the incorporation of what is known about
the spatial distribution and uncertainties related to RVF
from the published literature in order to create esti-
mates of disease activity at a continent-wide scale. Criti-
cism of their approach includes the subjective nature of
parameter estimation and difficulties with validation of
the results [26]. However, in the absence of detailed
field-based disease surveillance data, one of the key
strengths remains an ability to create preliminary esti-
mates of risk that, while imperfect, may still have exten-
sive utility for initial control program planning and
priority-setting.
Ad i f f e r e n ta p p r o a c ht ou s ing MCDA for risk assess-
ment was shown in a study by Sarkar and colleagues of
Chagas disease risk in Texas [19]. In this study, the
authors used MCDA to estimate county level risk for
Chagas disease by jointly evaluating two risk models, a
vector distribution model and a parasite presence model.
In this example, spatial MCDA allowed for an under-
standing of how two representations of potential disease
risk interact and offers a method for amalgamating multi-
ple models in order to gain a more robust and complete
picture of risk. Using this process, the authors were able
to identify areas that may be at risk for Chagas disease
even in the absence of reported parasite presence.
Selection of alternatives: How to manage disease risk?
The use of MCDA to evaluate possible solutions to a
problem, or alternatives, is a common approach seen in
environmental and land use decision-making related
studies that has been little explored in vector-borne dis-
ease contexts. A recent study by Mourits and colleagues
[27] explored the use of MCDA to evaluate control stra-
tegies against contagious animal diseases but in a non-
spatial context. However, many decision problems
requiring a selection among a choice of alternatives
often involve criteria that are not spatially explicit, but
have consequences that are. For example, in a decision
context where the primary criteria under evaluation
involve cost and other non-spatial criteria, if cost is lim-
i t i n g ,t h e ni tm a yn o tb ep o s s i b l et ot r e a tt h ee n t i r e
extent of the geographical area at risk. For this, spatial
MCDA can be used to evaluate and provide an estimate
of the spatial extent of areas affected by different alter-
natives. For example, in a study by Lim and colleagues
[ 2 8 ] ,s p a t i a lM C D Aw a su s e dt oa s s i s ti nf l o o d p l a i n
management in the Suyoung river basin in Korea. In
order to select the best strategy from a number of
potential alternatives, the authors used compromise pro-
gramming, the idea behind which is identifying a solu-
tion that is as close as possible to an ideal state. In this
study, the effect of different stakeholder values on the
decision process was evaluated by simulating six differ-
ent weighting schemes each in turn giving highest
weight to one of the evaluation criteria. Resulting maps
were produced reflecting each of the weighting schemes
in order to visualize the effects of differing values on
floodplain management for the study area.
Table 1 Examples of software and algorithms used in spatial MCDA problem settings
Example decision rules/
algorithms
Algorithm strengths Compatible software
packages
Example applications
Analytical Hierarchy Process-
specific adaptation of the
weighted linear combination
method
Multiobjective, multicriteria decision making
approach that employs pair-wise comparison
procedure to arrive at a scale of preference
among a set of alternatives
ArcGIS (ESRI), IDRISI
(Clark Labs, Worcester,
MA), MultCSynch
software package
Aceves-Quesada et al., 2006 [23], Akgun &
Turk, 2010 [21], Rakotomanana et al., 2007
[18], Sarkar et al., 2010 [19], Vadrevu et al.,
2010 [22]
Compromise programming
and spatial compromise
programming
Identifies solutions based on their deviations
from the ideal solution
ArcGIS (ESRI), MCE-RISK Chen et al., 2001 [25], Lim & Lee, 2009 [28]
Dempster-Shafer theory Capable of representing uncertainty based on
probability distributions
IDRISI (Clark Labs,
Worcester, MA)
Clements et al., 2006 [17]
Fuzzy multicriteria decision-
making
Can accommodate non-crisp data ArcGIS (ESRI) Chang et al., 2008 [29]
Ordered weighted averages Provides mechanism to compensate for
criteria with low scores via criteria with higher
scores
IDRISI (Clark Labs,
Worcester, MA)
Clements et al., 2006 [17]
Technique for order
preference by similarity to
ideal solution
Provides mechanism to compensate for
criteria with low scores via other criteria with
higher scores
MCE-RISK Chen et al., 2001 [25]
Weighted linear combination
and multicriteria evaluation
for weighted linear
combination
Fully compensatory model, thought to better
represent uncertainty in near-ignorance
situations [17]; multicriteria evaluation uses a
pairwise comparison method which provides
an assessment of the degree of consistency
among weightings [31]
IDRISI (Clark Labs,
Worcester, MA), MCE-
RISK
Akgun et al., 2008 [20], Chen et al., 2001
[25], Clements et al., 2006 [17],
Rakotomanana et al., 2007 [18], Symeonakis
et al., 2007 [31]
Note: algorithms listed above are generally used in problems of discrete nature. Different algorithms exist for problems with a continuous nature.
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tives relating to vector-borne diseases. A hypothetical
example of an application of this approach to vector-
borne disease management might involve the evaluation
of an array of vector control strategies in a particular
region in order to determine the best alternative or set
of best alternatives among many. For example, given a
mosquito-borne disease threat, a list of potential man-
agement strategies would be created, which might
include a number of pesticide spraying methods or stra-
tegies, education about personal protective measures
such as the use of insect repellent or bed nets, or larvi-
ciding among others. Next, a list of criteria would be
developed in order to evaluate the proposed alternatives.
One advantage of MCDA is its ability to incorporate
diverse and even conflicting values of various stake-
holders in a community; therefore, the criteria are
selected based on these values as well as any spatial or
other constraints relevant to the problem. Criteria could
include the reduction of disease-related morbidity and
mortality as well as potential adverse effects to human
and environmental health from suggested alternatives
along with other considerations such as economic costs,
duration of effectiveness and efficiency in a given set-
ting. A MCDA approach would allow for the reconcilia-
tion of these traditionally incommensurate criteria and
would provide an ordering of the proposed alternatives
from best to worst given the evaluation criteria speci-
fied. Balancing multiple criteria and achieving a thor-
ough understanding of the interaction between criteria
and alternatives becomes particularly relevant when the
disease in question has a low incidence or is not likely
to be fatal, making the impacts of a potentially undesir-
able intervention such as pesticide use difficult to bal-
ance with the protection it provides.
Site selection: Where to target risk prevention and control?
Another challenge in public health decision making has
to do with determining the best locations for targeting
often limited prevention and control resources. MCDA
has been used previously to make decisions around “site
selection” type problems where decision makers must
determine the most suitable locations for a particular
facility or activity. In the literature on this subject, the
sites under consideration are often intended for noxious
activities such as waste management [29] or nuclear
power facilities [30], but this approach could be easily
extended to decisions around priority sites for deploying
a surveillance or vector control strategy. In these pro-
blem settings, decision makers must reconcile the choice
of location for a particular site that maximizes its effi-
ciency while respecting any related environmental or
other concerns.
Site selection can be a contentious issue as decision
makers navigate between often times conflicting
economic, ecologic and environmental health related
constraints in order to make decisions that meet priori-
ties while mitigating potential adverse effects. In addi-
tion, there may be a degree of uncertainty related to the
parameters under consideration posing a real challenge
to any modeled quantification of the problem. Site selec-
tion in vector-borne disease management could involve
the selection of priority sites to receive control interven-
tions in order to help reduce exposure to a vector and/
or pathogen of a vector-borne disease. A study by
Symeonakis and colleagues used spatial MCDA for try-
panosomiasis management in Zambia [31]. In this study,
the authors were interested in prioritizing areas for
tsetse fly control (the vector for trypanosomiasis) based
on suitable zoning potential and with a high potential to
absorb over population and cattle farming expansion
from neighboring areas. In order to do this, the authors
made use of knowledge on the distribution of tsetse,
land designation, bird species richness, cattle density,
crop-use intensity and erosion risk data in order to
prioritize areas for tsetse control. Of particular interest
in this case study was the development of four different
hypothetical perspectives during the sensitivity analysis
phase in order to simulate the effect of differing values
on the decision making process. This is a core strength
of an MCDA-based approach as it allows for a transpar-
ent understanding of how the values we hold affect our
decision making.
Another application of MCDA to a site selection pro-
blem was demonstrated by Rakotomanana and collea-
gues [18] where spatial MCDA was used to evaluate
malaria risk in various locations in the highlands of
Madagascar in order to make the most effective use of
limited vector-control resources and target priority
zones to receive indoor spraying against malaria trans-
mitting mosquitoes. A number of spatially-varying risk
factors and decision-relevant criteria were incorporated,
including altitude, temperature, human population den-
sity, time since last indoor spraying, distance from rice
fields and surface area of rice fields per district. In this
case, the use of GIS-MCDA allowed the incorporation
of elements relevant to the decision making process
beyond those directly identified by disease-related dri-
vers in order to help guide and assist the selection of
priority sites to receive indoor spraying.
A unified framework for vector-borne disease risk
assessment and risk management
As was discussed in the examples above, we saw how
MCDA can be used to evaluate questions related to vec-
tor-borne disease risk assessment and vector-borne dis-
ease risk management. Our review of the literature
suggests that the coupling of GIS and MCDA for vec-
tor-borne disease management is still relatively
unknown; however, the examples explored from other
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“how” and “where” questions that must be considered
when constructing effective prevention and control pro-
grams for vector-borne diseases. Typically, once a vec-
tor-borne or environmental disease threat has been
identified, key issues include what the risk of exposure
is and what the forecasted burden of disease are to the
population; what the best management strategy might
be; and where it would be most effective to apply a cho-
sen prevention and control strategy. The use of spatial
MCDA provides an opportunity to compare potentially
incommensurate data and explore alternative strategies
in a spatial context with a potentially unified framework
for both risk assessment and risk management based
problem settings (Figure 2).
Conclusions
MCDA challenges and limitations
The use of MCDA-based methods offers a valuable fra-
mework for the exploration of decision alternatives to
complex problem settings including ones involving vec-
tor-borne disease; however, though many MCDA models
exist, no single one will be appropriate for all situations.
MCDA-based models are faced with a number of limita-
tions. Perhaps one of the most significant of these is the
potential for manipulation of the decision result; how-
ever, this is not a challenge unique to these types of mod-
els. MCDA models should be used with careful
consideration to the sensitivity and robustness of results
and should be seen not so much as a decision making
tool but rather as a decision aid support. An important
caveat when using MCDA to investigate vector-borne
disease pertains to causal relationships. In fact, MCDA
models are not designed to determine causality but
rather to help identify gaps and limits in knowledge of a
particular problem setting. MCDA can be used to incor-
porate data on disease burden; however, if only incorpor-
ating data on risk, then the alternatives need to be
interpreted with caution as these will not reflect informa-
tion on actual disease prevalence. MCDA-based models
can also be very data intensive both in terms of the mate-
rial and information required to run the process as well
as the data and information necessary to help facilitate
stakeholder meetings and are therefore sensitive to inac-
curacies or omissions of data [32]. MCDA may also
require the participation and engagement of a large num-
ber of experts. This later requirement may result in a
necessarily lengthy time period for implementation due
to the scheduling challenges that inevitably occur when
numerous experts and stakeholders are involved [32]. For
this reason, MCDA is better suited for long term plan-
ning rather than during an emergency/outbreak situation.
In addition to this, there is a necessary time lag required
for stakeholders to appropriate themselves of the process,
or as stated by Bots and Hulshof “grow into the process
in order to commit themselves to the process and to the
results” [32]. Furthermore, a multi-stakeholder MCDA
approach necessarily requires an effective facilitator to
keep all stakeholders on track and effectively incorporate
contributions of all participants into the process while
navigating and synthesizing the input provided by experts
and decision makers [32].
Integration of variable data types and data quality
An important strength provided by a formal MCDA
approach is the ability to integrate a wide variety of data
types and the ability to accommodate variability in data
quality. In their study on RVF, Clements and colleagues
[17] showed how knowledge-driven risk assessments can
be performed even in the absence of extensive field or
digital data. In the study by Sarkar and colleagues we
saw how MCDA can be used to combine different types
of data, in this case a vector distribution risk model and
a pathogen presence model. Symeonakis [31] and Rako-
tomanana [18] both showed how MCDA can be used to
combine traditionally incommensurate forms of infor-
mation and help prioritize sites for vector control activ-
ities. All of these studies illustrate how MCDA can be
used to provide an assessment of risk or a prioritization
of risk in situations where traditional risk mapping
approaches may not be easily performed while providing
an opportunity to take the risk modeling process a few
steps further in a disease management strategy.
Flexibility of approach
Risk assessment, selection of alternatives and site selec-
tion do not always need to be performed in sequence,
and in some disease contexts, the answer to these ques-
tions may already be known or constrained by factors
which do not necessitate a full and formal MCDA pro-
cess. We propose that spatial MCDA can be implemen-
ted for any or all of these three main questions and can
provide a richer picture of constraints on a decision
problem as well as an ordered ranking of suitable alter-
natives to consider given the data available. In their
study on floodplain management, Lim showed how spa-
tial MCDA can be used to give a geographical estima-
tion of the effect of different potential flood reduction
alternatives in a region of interest [28]. As was seen in
the study by Lim and colleagues [28], the selection of
alternatives step may not always require a full MCDA
process in order to select a suitable alternative depend-
ing on the number of alternatives under consideration,
or it may be that a non-spatial MCDA process is most
appropriate to select among a set of alternatives, but
where used, spatial MCDA will enable a visualization of
the effects of different proposed alternatives to a deci-
sion problem.
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Figure 2 Key areas for the application of spatial MCDA in managing vector-borne diseases. Three important questions that require
consideration when planning prevention and control actions for the management of vector-borne diseases: what is the level of risk; how to
manage disease risk; and where to target risk prevention and control? The above diagram shows how (A) risk can be assessed by mapping the
intersection of all the various determinants of risk (environment, vector distribution, human population, etc). Part (B) shows how MCDA can be
used to evaluate the spatial effects of different alternatives on a decision problem. Finally, part (C) shows how MCDA can be used to locate
priority sites for targeting prevention and control alternatives by taking a risk map and running it through the filter of different criteria
constraining the decision problem. Results from one area can be fed in as input for the other questions. However, these three questions do not
necessarily need to be addressed in the above suggested order nor will a full MCDA process always be required to address such questions.
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Additionally, the use of a formal MCDA approach for
problem solving enriches the decision-making process
by making explicit the multiple dimensions of a problem
as well as the values held by stakeholders. In the study
by Symeonakis and colleagues [31] we saw how MCDA
can help illuminate the effect of differing values on the
decision making process. Although multi-stakeholder
perspectives were not predominantly explored in the
vector-borne disease studies we reviewed, we wish to
emphasize that the MCDA process is designed to
accommodate multiple stakeholders and this approach
has been well field tested in many of the other disci-
plines that have a longer history of MCDA use. This
particular feature of MCDA provides an important
opportunity for public health policy-making to incorpo-
rate diverse viewpoints in decision making and is one
that should be further explored in future studies.
Formal and transparent interpretation of results
Public health policy related to the prevention and con-
trol of vector-borne disease requires the consideration
of diverse and often difficult to estimate criteria. In
addition to disease risk, which may itself be a challenge
that can benefit from a multi-criteria approach, policy-
makers must consider a range of other constraints.
Many interventions for vector-borne diseases such as
pesticide use or vector habitat modification have poten-
tially harmful effects on the environment and on wildlife
populations that should be weighed against their bene-
fits. Ecological approaches to controlling vector-borne
diseases can be associated with high personnel and
equipment costs and are often variably effective depend-
ing on the setting. The challenges of preventing and
controlling vector-borne diseases have few obvious
answers. The strengths of this approach lie not only in
its ability to help reconcile conflicting values and find a
consensus decision among differing perspectives, but
also in its utility as a tool for understanding the issues
at stake and inherent to the decision process itself.
MCDA is an interesting tool capable of capturing the
complexity and inherent multidisciplinarity of vector-
borne disease contexts and other diseases at the human-
environment interface, and thus is an invaluable tool for
exploring and facilitating decision-making in these
contexts.
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GIS: geographical information systems; MCDA: Multi-criteria decision analysis;
RVF: Rift Valley fever.
Acknowledgements
The authors would like to thank Jacek Malczewski for helpful discussions on
the article. The authors would also like to thank all of the members of The
Lyme-MCDA Consortium (LMC): Cécile Aenishaenslin, Denise Bélanger, Anne-
Laure Bouvier, Hassane Djibrilla Cissé, Valerie Hongoh, Anne Gatewood
Hoen, Johanne Léveillée, Pascal Michel, Karim Samoura, Jean-Philippe Waaub
for their help and support with the manuscript. Production of this project
has been made possible through a financial contribution from the Public
Health Agency of Canada. The views expressed herein do not necessarily
represent the views of the Public Health Agency of Canada. The funding
agency was not involved in the study design, analysis or interpretation of
data.
Author details
1Groupe de Recherche en Épidémiologie des Zoonoses et Santé Publique
(GREZOSP), Pavillon de la santé publique, Faculté de médecine vétérinaire,
Université de Montréal, Case postale 5000, Saint-Hyacinthe, Québec, J2S 7C6,
Canada.
2Department of Community and Family Medicine, Dartmouth
Medical School, HB 7937, One Medical Center Drive, Dartmouth-Hitchcock
Medical Center, Lebanon, New Hampshire, 03756, USA.
3Département de
Géographie, Université du Québec à Montréal, Case postale 8888, Succursale
Centre-ville, Montréal, Québec, H3C 3P8, Canada.
4Laboratory for Foodborne
Zoonoses, Public Health Agency of Canada, CP 5000, St-Hyacinthe, Québec,
H2S 7C6, Canada.
Authors’ contributions
VH and AGH contributed to conception, design and analysis and drafted the
manuscript. CA and PM contributed to conception and analysis as well as
critical revision of the manuscript. JPW, DB and LMC contributed to the
critical revision of the manuscript. All authors read and approved the final
manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 7 October 2011 Accepted: 29 December 2011
Published: 29 December 2011
References
1. Pavlovsky EN: Natural Nidality of Transmissible Diseases with special reference
to the Landscape Epidemiology of Zooanthroponoses University of Illinois
Press. Urbana; 1966.
2. Rogers DJ: Models for Vectors and Vector-Borne Diseases. In Advances in
Parasitology. Volume 62. Edited by: Simon I, Hay AG, David JR. Academic
Press; 2006:1-35.
3. Reisen WK: Landscape epidemiology of vector-borne diseases. Annual
Review Entomology 2010, 55:461-483.
4. Eisen L, Eisen RJ: Using Geographic Information Systems and Decision
Support Systems for the Prediction, Prevention, and Control of Vector-
Borne Diseases. Annual Review of Entomology 2011, 56:41-61.
5. Jerrett M, Gale S, Kontgis C: Spatial Modeling in Environmental and Public
Health Research. International Journal of Environmental Research and Public
Health 2010, 7:1302-1329.
6. Rushton G: Public health, GIS, and spatial analytic tools. Annual Review of
Public Health 2003, 24:43-56.
7. Ostfeld RS, Glass GE, Keesing F: Spatial epidemiology: an emerging (or re-
emerging) discipline. Trends in Ecology & Evolution 2005, 20:328-336.
8. Kiker GA, Bridges TS, Varghese A, Seager TP, Linkov I: Application of
multicriteria decision analysis in environmental decision making.
Integrated Environmental Assessment and Management 2005, 1:95-108.
9. Gilliams S, Raymaekers D, Muys B, Van Orshoven J: Comparing multiple
criteria decision methods to extend a geographical information system
on afforestation. Computers and Electronics in Agriculture 2005, 49:142-158.
10. Fealy RM, Buckley C, Mechan S, Melland A, Mellander PE, Shortle G, Wall D,
Jordan P: The Irish agricultural catchments programme: Catchment
selection using spatial multi-criteria decision analysis. Soil Use and
Management 2010, 26:225-236.
11. Ellis JB, Deutsch JC, Mouchel JM, Scholes L, Revitt MD: Multicriteria
decision approaches to support sustainable drainage options for the
treatment of highway and urban runoff. Science of the Total Environment
2004, 334-335:251-260.
12. Papazoglou IA, Bonanos GS, Nivolianitou ZS, Duijm NJ, Rasmussen B:
Supporting decision makers in land use planning around chemical sites.
Hongoh et al. International Journal of Health Geographics 2011, 10:70
http://www.ij-healthgeographics.com/content/10/1/70
Page 8 of 9Case study: Expansion of an oil refinery. Journal of Hazardous Materials
2000, 71:343-373.
13. Baltussen R, Niessen L: Priority setting of health interventions: the need
for multi-criteria decision analysis. Cost Effectiveness and Resource
Allocation 2006, 4:14.
14. Baltussen R, Youngkong S, Paolucci F, Niessen L: Multi-criteria decision
analysis to prioritize health interventions: Capitalizing on first
experiences. Health Policy 2010, 96:262-264.
15. Malczewski J: GIS and Multicriteria Decision Analysis New York: John Wiley &
Sons, INC; 1999.
16. Malczewski J: GIS-based multicriteria decision analysis: a survey of the
literature. International Journal of Geographical Information Science 2006,
20:703-726.
17. Clements A, Pfeiffer D, Martin V: Application of knowledge-driven spatial
modelling approaches and uncertainty management to a study of Rift
Valley fever in Africa. International Journal of Health Geographics 2006, 5:57.
18. Rakotomanana F, Randremanana R, Rabarijaona L, Duchemin J,
Ratovonjato J, Ariey F, Rudant J, Jeanne I: Determining areas that require
indoor insecticide spraying using Multi Criteria Evaluation, a decision-
support tool for malaria vector control programmes in the Central
Highlands of Madagascar. International Journal of Health Geographics 2007,
6:2.
19. Sarkar S, Strutz SE, Frank DM, Rivaldi C-L, Sissel B, Sanchez-Cordero V:
Chagas disease risk in Texas. PLoS Neglected Tropical Diseases 2010, 4:e836.
20. Akgun A, Dag S, Bulut F: Landslide susceptibility mapping for a landslide-
prone area (Findikli, NE of Turkey) by likelihood-frequency ratio and
weighted linear combination models. Environmental Geology 2008,
54:1127-1143.
21. Akgun A, Türk N: Landslide susceptibility mapping for Ayvalik (Western
Turkey) and its vicinity by multicriteria decision analysis. Environmental
Earth Sciences 2010, 61:595-611.
22. Vadrevu KP, Eaturu A, Badarinath KVS: Fire risk evaluation using
multicriteria analysis-a case study. Environmental Monitoring and
Assessment 2010, 166:223-239.
23. Aceves-Quesada F, Lopez-Blanco J, Del Pozzo ALM: Determination of
volcanic hazards applying multicriteria Evaluation and SIG techniques in
the Nevado de Toluca area, central Mexico. Revista Mexicana De Ciencias
Geologicas 2006, 23:113-124.
24. Chen K, Blong R: Towards an integrated approach to natural hazards risk
assessment using GIS: With reference to bushfires. Environmental
Management 2003, 31:546-560.
25. Chen KP, Blong R, Jacobson C: MCE-RISK: integrating multicriteria
evaluation and CIS for risk decision-making in natural hazards.
Environmental Modelling & Software 2001, 16:387-397.
26. Clements ACA, Pfeiffer DU: Emerging viral zoonoses: Frameworks for
spatial and spatiotemporal risk assessment and resource planning. The
veterinary journal 2009, 182:21-30.
27. Mourits MCM, van Asseldonk MAPM, Huirne RBM: Multi Criteria Decision
Making to evaluate control strategies of contagious animal diseases.
Preventive Veterinary Medicine 2010, 96:201-210.
28. Lim K-S, Lee D-R: The spatial MCDA approach for evaluating flood
damage reduction alternatives. KSCE Journal of Civil Engineering 2009,
13:359-369.
29. Chang N-B, Parvathinathan G, Breeden JB: Combining GIS with fuzzy
multicriteria decision-making for landfill siting in a fast-growing urban
region. Journal of Environmental Management 2008, 87:139-153.
30. Chang NB, Ning SK, Chen JC: Multicriteria relocation analysis of an off-site
radioactive monitoring network for a nuclear power plant. Environmental
Management 2006, 38:197-217.
31. Symeonakis E, Robinson T, Drake N: GIS and multiple-criteria evaluation
for the optimisation of tsetse fly eradication programmes. Environ Monit
Asess 2007, 124:89-103.
32. Bots PWG, Hulshof JAM: Designing multi-criteria decision analysis
processes for priority setting in health policy. Journal of Multi-Criteria
Decision Analysis 2000, 9:56-75.
doi:10.1186/1476-072X-10-70
Cite this article as: Hongoh et al.: Spatially explicit multi-criteria decision
analysis for managing vector-borne diseases. International Journal of
Health Geographics 2011 10:70.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Hongoh et al. International Journal of Health Geographics 2011, 10:70
http://www.ij-healthgeographics.com/content/10/1/70
Page 9 of 9